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3.0 STRUCTURE AND USE OF THE MCCABE CODE

Th e MCCA BE code was wr i t t en f or use on an interac tive , time—share computer syste:~u.

The code itself consists of four  separate subprograms , each of which can be run separate-

ly. Briefly, these subprograms accomplish the following :

1. FLUXPAK concerns itself with the incident x—ray spectrum and looking up the ap-

propriate photon attenuation coefficients as a function of this energy spectrum.

2. ATINPAK calculates the photon attenuation of the incident spectrum until it

reaches conductor/dielectric interfaces.

3. CIRCLES calculates the capacitance matrix and solves Laplace ’s equation.

4. DRIVPAK calculates the electron deposition in the dielectric , and the appropri-

ate Laplace equation solutions to obtain the Norton equivalent drivers.

Needless to say, all these subprograms are communicating with each other in a corn—

plicated way. Fig . 3.1 gives a f lowchart  of input and output between the user and the

various subprograms. Table 3.1 lists the information contained in each input/output

file.

Because of the complicated communication between subprograms we have written the

MCHELP code which handles input and program control without the user having to think too

much about it. MCHELP is a user—oriented code which interrogates the user and then per-

forms two functions :

1. It constructs all necessary input files from user—supplied data on the cable

geometry and x—ray environment.

2. It sets up a job control file for running the various subprograms.

Fig. 3.2 gives an example of a session between user and MCHELP for the case of a simple

coax. The explanatory text provided by MCHELP identifies the variables , and their units,

as required by MCCABE. The job file (TAPE44) assumes that the various input files (TAPES,

TAPE3 , TAPE15) have been given arbitrary file names and stored in memory. Furthermore ,

it is assumed that relocatable binary versions of FLUXPAK, ATTNPAK , CIRCLES , and DRIVPAK

have been stored under the names BFLUX, BATTN , BCIRCL , and BDRIV , respectively. Fig.3.3

gives the job file produced during the session shown in Fig. 3.2. The output , of this

MCCABE run is shown in Fig. 3.4. This problem required 12 CPU seconds on a CDC 6600.

Fig. 3.5 lists the input files for a sample three—wire multiconductor cable as produced

by MCHELP. Fig. 3.6 gives the output of the CIRCLES and DRIVPAK subprograms of MCCABE

which contains th€ c~ilculated capacitance matrix and Norton drivers. This problem re—

quired 87 CPU -~~conds .
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Table 3.1 Data files used with MCCABE.

Name Use

TAPE5 input of X—ray spectrum and of cable materials description

TAPE3 input of cable geometry

TAPE15 input to control Laplace equation solution

TAPE6 output of photon cross sections

TAPE4 output of attenuated photon flux at interfaces

TAPE16 output of checks on coefficients of the potential expansion
and capacitance matrix calculation

TAPE24 output of electron transport and Norton driver calculation

TAPE8=NSTAB photon cross section data for FLUXPAK (binary)

TAPE9 photon cross sections selected for  ATTNPAK

TAPE27=DELNAC photo—Compton current data from QUICKE2 for DRIVPAK

TAPE1O photon flux at conductor/dielectric interface for DRIVPAK

TAPE12 coefficients of potential expansions for DRIVPAK

24  
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FLUXPAK TAPE6 TO OUTPUT

I ITAPE8 NSTA B 
____________

MCHELP
(SETS UP ______________

INPUT 
TAPE9FILES ,

TAPE5 ,
TAPE3, 

______________ ___________________TAPE 15)
TAPE3 

~ ~~ 
ATTNPAK

] 
II~ TAPE4 TO OUTPUT

L 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~I

TA PE16TO OUTPUT

I TAPE 1O]

I TAPE27~~ELMAC I ,{ 
DRIVPAK TAPE26 TO OUTPUT

Figure 3.1 Flow—chart of input /ou tput  communication among subroutines in MCCABE.
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M CHELP 8/3177
THIS CODE SETS UP INPUT INFO FOR THE $CCABE CODE
TUE INFO REQUIRED IS DIVID ED INTO 2 PARTS :

CABLE GEO ME TRV AND SPECTRUM
EXECUTION INSTRUCTIONS

THE OUTPUT OF THIS CODE IS A PERFORM FILE (TAPE 44)
AN D VARIOUS FILES WHICH M~Y BE SAVED

CABLE GEOMETRY AND SPECTRU M

INPUT INFO WHICH YOU GIVE SHOULD FOLLOW
NA N EL I ST RULES
W ITH END OF ENTRY IND ICATED BY $
IF YOU HAVE INFO IN PERM STORAGE
PROVI DE DUMMY INFO OR NONE AT ALL

DO YOU WANT TO CONSTRUCT TA PE5
FOR FLUXPAK ?

T i

NA M ELIST
FLUX=F1.UX IN CAL/CM2SEC
HNIX : NUMBER OF DISTINCT MATER IALS (MAX 1O)
N : NUMBER OF PHOTON ENERGIES CMA X= 5 0)
EPHOT (I),I:i ,N ARE PHOTON ENERG IES (KEV )
U (I),I:I ,N ARE UNNORM. ENERGY SPECTRA (/KEV)
IF EQU ALLY SPACED ENTER EPHOI (i) AND EPHOT (N) ONLY
XKT IS BB TEMP IN KEV (I 6NORED IF NOT ENTERED )
PHI IS ANGLE(DE GREES) BETWEEN SHIELD NORMAL
PROJECTED IN PLANE OF INCIDENT RADIATION
AND DIRECTION OF INCIDENT RADIATION (< 90 DEG)
IPRT=NONZER O GIVES LONG PRINT

I PHQT ON I
I FLU X= 1 ,N:1 ,EPHOI:50,U= 1 ,NMI X= 4$

YOU WILL BE ASKED FOR 4 Note :

N IXTURE NANELIST Dielectric type Label No,
FOR EACH MA TER IAL (OF UP TO 1 0 COMPONENTS): water 901THE ORDER OF E N TR Y DOES NOT MATTER tef lon 902
BUT THE MATERIAL LABEL INDEX

/ 

i’vc 903WHICH FOLLOWS LATER IN THE INPUT CORRESPONDS Mylar 904
TO THIS ORDER OF ENTRY Kapton 905
1*: Z NUM BERS( IN ORDER OF INCREASIN G Z) Halar 906
UT’ WEIGHT FRACTIONS
AT ’ATONIC WEIGHT

IZDM ’Z NO. OF ELEMENT OR LABEL NO. IN DELMAC TABLE 

Kel—F 907

DEN SITY=DENS I TI (G/CM3 )

Fiture 3.2 Terminal printout from MCHELP for a simple coax.
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$NIXI UR E
? ZA 29 ,AT 63.54 ,U T 1 ,DE NSI T Y = 8 .9 , IZD M 2~$

S M I X T U R E
1 ZA=6 ,9.AT=12.0i ,19.,UT .24,.76,DENSITY= 2.2,IZDM=9021

$N IXTURE
zA=5o ,AT=I18.7,uT= 1 ,DENsITY=;’.2,rzDM-.~o$
I MI X TURE

? ZA~47,AT=1O7.9,UT:i ,DE N SI TY~1O.5 ,IZDM= 47$ INPUT TO CIRCLES ANti TA PE 15 CONSTRUCTION

MOST I N P U T  WAS GIVEN IN A TT N P AK FOR CIRCLES
TAPE 5 HAS BEEN CONSTRUCTED

PERM NAI$ELIST
PER=DIELECTR IC CONSTAN T

DO YOU WANT TO CONSTRUCT TAPE 3 AND T AP E I 5  MN AX~MAX TERMS IN HARMON IC EXPANSION
FOR ATTNPAK AND CIRCLES ? (1~ YES ,O=NO ) EPSIN TINES NIH. DIAG ELEMENT IS LARGEST OFF-DIAG

1 1
$PERN

7 PER~2.1 ,MMA X~ 14
A TTPLN NAME LI ST TAPE 15 HAS BEEN CON STRUCTED
NPL A NE= NO. OF ATTEN UATION PLAH ES (MA Y BE 0)
T (1) ,I:1 ,N PLA N E PLANE THICKNESS IN CM
IP LANL B , I:1 ,NPL AN E MI XT U RE INDI C IES
WHICH IS THE ORDER IN WHICH MIXTURES WERE READ
$ATTPLN Note : MMAX=l is sufficient

for coaxes. MMAX 4— 6
is suff ic ient  for cable
bundles depending on

CONDUCT NAiI EL IST degree of assymetry .
ALL DISTANCES IN CM , ANGLES IN DEGREES EPSLN O means no off—
NCO N~NO . OF COND’S INCLUDING SHIELD diagonal matrix ele—
TSHIELD:SHIELII THICKNESS meats are discarded
RADC (I ) ,I= i ,NCON ARE COND. RADII before entering sparse
RADD ARE DIELECT RI C R A D I I  matrix routines
GAP ARE GAP SIZES
THE FIRST ENTRY OF RADC ,RA DD ,GAP REFERS TO SHIELD
MATL BLC (I),I 1 ,NCON IS THE MATERIAL LABEL INDEX
NATLB L D (I)
MAI LBLF (I) • Note: The flashing modification

WHERE C IS THE CONDUCTOR , 0 D IEL. , F FLASHING , is a phenomeno log ical ad—
AND THE LABEL I N D E X  CORRESPONDS TO justment of the interface
THE ORDER I N W H I C H  M I X T U R E S  WERE READ IN ABOVE current discussed in R e f s.

NATB AK IS THE BACKGROUND D I E L E C T R I C  INDEX 2 and 7.
DFLASH (I),I:i ,NCON ARE FLASHING THICKNESSES
RO (I),THET (I),I:t ,HCON ARE THE COORDS. OF CONE’. I
2 TIMES NY IS THE HO. OF Y PLANES INTERSECT ING SHIELD
IPRT :NON ZERO GIVES LONG PRINT

I CONDUCT
? NC ON~2,R O O ,O ,NY~t0
‘ MAT L B LC 1 , 1 ,NAILBLD :2 ,2,MATBA K :2
~ RADC .1 ,.0299

GAP~.0O~,.0017 RADD = .0651 ,.085
I TSH IELD = .Oi
I NAT LBLF 3,4,DFL AS H~.0O02 , .00021

T A P E 3 HAS BEEN CONSTRUCTED

Figure 3.2 (continued ) Terminal printout fm -’ MCIIELP for ~ simp le coax.
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EXECUTION INSTRUCTIONS

SHOULD FLUXP AK BE EXECUTED
(I:YES ,O NO)

1 1
NAME OF TAPE5 Note: These file names
‘ COAX5 

~~ are arbitrary.
NAME OF TAPE 9

?

SHOULD ATTNP AK BE EXECUTED
( I :YES ,0:NO)
‘1

NAME OF TAPE3
? COAX3

NAME OF TAPE9
‘ COA X9 -

~~~~

NAME OF TAPE1 O
? COAX 1O ~~

SHOULD CIRCL ES BE EXECUTED
(1 :YES 0=NO)

NAME OF TAPE 15
I COAX15

NA M E OF TAP EI 2
I COAX I2 —

~~~~

SHOULD DRIUPAK BE EXECUTED
( 1 :Y ES ,OZ NO)

T i
NAME OF TA PE1O

? COAX 1O
NAME OF TAP E I2

? CQA X 12

FILES CONSTRUCTED:  
- 

- 

-TAPE 44 ( PERFO RM FILE )
TAPE5 UNPUT FOR FLUXPAK )
TAPE3 ( INPUT FOR A TTNPA K )
TA PE15( INP UT FOR CIRCLES )

LIST TAPE44 TO SEE NAMES ASSIGNED TO DATA FILES
REPLACE TA PE5 ,TAPE 3 ,TA P E 15 UNDER THIER NEW NAMES
T H E N :  P E R F OR M ,TA PE 44

Figure 3.2 (continued) Terminal printout from MCHELP for a simple coax.
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GET ,TAPE 5~COAX5
GET ,TAPE8 NS TAB
GET ,BF LUX
BFLUX ,TA PE6:OUTPUT
REPLACE , TAP E9’COAX9
GET , TA PE3:COAX3
GET , TAP E9=COAX9
GET , BATIN
BAT TN ,TAPE4~OUTPUT
REPLACE ,TAPE 1O =CO A X 1O
6ET ,TAP E1 5~COAX 15
GET ,B CIRCL
B CIRCL ,TAPE I6=OUTP UT
R E PLACE ,TAPE 12=CO A X I2
GET ,TAPE 10~COAX10
GET ,TAPE 1 2 COAX 1 2
GET ,TAPE2?=DELMA C
GET ,BDR IV
BDRIV ,TAPE26’OUTPUT

Figure 3.3 Job file created by MCCABE for the example given in Figure 3.2.
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I FLUXPAK 8/3/77

NO. OF MIXTURES 4
FLUX (CAL/CM2SEC ) 1.00000E+O0
PHI(DEGREES) 0.
PHOTONS/CAL 5.22600E+14
TOTAL NFLUX (/CM2SEC ) 5.22600E+14
INDEX/NUMBER FLUX (/CN2SEC)

1 5 . 2 3 E + t 4

MIXTURE NO./Z NO ./DENSITY/ATOtLIC (ST.
1 2.90E+01 8.90E+00 6.35E+01

MIXTURE NO./Z NO ./DENSITY/ATONIC lit.
2 8.28E+O0 2.20E+0O 1.73E+ 01

MIXTURE NO./Z P40./DENSITY/ATOMIC UT.
3 5.OOE+0I 7.20E+O0 1.I9E+02

MIXTURE NO./Z NO./DENSITY/ATOMIC UT.
4 4 .7O E+O1 1.05 E+O 1 1.08E+02

I DR IV PA K 8/3/77

GEO M ETRY VARIABLES TRANSFERRED FROM ATT N PAK
NCON : 2
RA DC : 1.OO E-0 1 2 .99E— 02
GA P: 5 .OOE-03 1.O OE-03
RA DD~ 6 .51 E— 02 6.50E-02
80: 0. LOOE—07
THET 0. 0.
MATL BLC= 1 ¶
NATLPLD= 2 2
NATLBLF : 3 4
OFLASH : 2.OOE—04 2.OOE—04

PHOTON ENERGIES
NE: I
EPHOT: 5.OOE+0I

TOTAL EMITTED CURRENT FROM SHIELD AND EACH CONDUCTOR
ISURF: 8.36E-08 2.40E-08

TOTAL INDUCED CURRENT ON EACH CONDUCTOR DUE TO DEPOSITED CHARGE
IAR EA : —2 .97E—08

NORTON DRIVER TO EACH CONDUCTOR (SHORT CIRCUIT CURRENT ) (A/CM)
ISC: -~.67E—09

Figure 3.4 MCCABE output for the coax defined in Figure 3.2.
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1 ATT NPAK 8/3/77

X/Y/X DIR/YDIR/ANGLE/CON NO.
ENERGY BIN/NO. FLUX UNIT LENEGTH
-3.12E-02 -9.50E—02 3.12E-O1 9.50E—0I 1.25E+O0 1

1 2.7BE+13
3 .12E—02 — 9 . 5 0 E — 0 2  —3 .12E—01 9.50E-01 1.89E+00 1

1 2 .i’tE+13
-~ .27E-02 -8.50E-02 5.27E-OI 8.50E-01 1.02E+00 I

I 1.38E+’3
5.27E-02 -8.50E-02 -5.27E-01 8.50E—01 2.13E+00 1
I 1.33E+13

-6.6tE-02 - 7 .50E -0 2  6.61E-01 7.50E-0l 8.48E—0I I
1 1. 16E+ 13

6.61E-02 —7.50E-02 — 6.61E—0 1 ?.50E—0I 2.29E+0O ¶
I 1. tO E+1 3

— 7. 60E—02 -6 .~ OE —0 2 7. 6 0 E—0 1 6 .50E — O 1 7. O S E—O 1 1
¶ l .04E+13

7.60E- 02 - 6. 50E -0 2 -7.60E-0I 6.50E— 01 2.43E+00 I
I 9 .8 1E+ 12

- 8. 3 5 E— 02 - 5 . 50 E—02 8.35E-01 5.50E-0i 5. 82E — 0 1 1
1 9.7OE+12

8.35E-02 - 5 . 5 0 E -0 2  —8.35E—01 5.50E-01 2.56E#00 I
I 9.06E+12

-8.9 3E -02 -4.SOE-02 8.93E—Ol 4.50E -01 4.67E—01 1
I 9.20E+12

8.93E-02 — 4 . 5 0 E - 0 2  — 8 .93E—0 1 4 .50E—O 1 2.67E+00 1
1 8.55E+12

-9.37E-02 —3 .50E—02 9.37E— 0l 3.50E—01 3.58E—01 1
I 8.86E+12

9 .37 E —0 2 — 3 . 5 0 E — 0 2  —9.3?E -01 3 . 5 0 E — O 1  2.78E+0O 1
¶ 8.20E+12

-9.68E-02 -2.50E—02 9.68E—01 2.50E—01 2.53E—0 1 1
I 8.63E+12

-1 .64E-02 -2.50E-02 —5 .49E-O1 -8.36E-Ot 2.15E+0O 2
I 2.02E+I3

1. 64E— 0 2 - 2 . 5 0 E — 0 2  5.49E -0I -8.36E-0I 9.90E— 0I 2
1 9.90E+12

9.68E-02 -2.50E-02 —9.68E—01 2 .50E—0l 2.89E+00 1
I 3.95E+12

-9.89E-02 -I.50E-02 9.89E—OI I.50E—Ot I.5 1E—0 1 I
I 8.49E+12

- 2 .59 E -0 2  — I . 5 0 E — 0 2  — 8 .65E-0 I — 5 .02E—0 I 2 .62E+O 0 2
1 9.~ 3 E+ l2

2 . 59E -0 2  -1.50E—02 8. 65E —01 —5. 02 E— 0I 5.26E - 0 1 2
1 3.09E+12

9. 89 E-0 2 - t . 5 0 E — 0 2  —9 .89E--Ot 1.50E-0t 2.99E+0O I
I 2.~ 9E +12

-9.99Z-02 —~ .O0E—O3 9.99E-01 5.OOE-02 5.OOE—02 I
1 8.42E+12

-2 .95 E-02 -5 . OOE — 03 -9 .86E-OI -1 .6?E— 0I 2 .97E+O0 2
1 8.32E+12

2.95E—02 -5.OOE-03 9.86E—O1 -l.6?E-01 I.68E-OI 2
I 2.30E+I2

9.99E-02 -5.OOE—03 —9.99E—01 5.OOE—02 3.09E+O0 I
I 2.20E+12

Figure 3.4 (continued) MCCABE output for the coax defined in Figure 3.2
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1 IPH O TONI
FLUX 1.0 ,
N :1,
EPHOT 5.OE+0I , 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0.,

•1~ O.~ 0., 0., 0., 0., 0., 0., 0., 0.,
0., 0., 0., 0., 0., 0., 0., 0.,  0., 0., 0., 0., 0., 0., 0.,  0

., o., 0., 0., 0., 0., 0., 0., 0., 0.,
0., 0.,

U : 1.0 , 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0.,
4 0.,  0., 0.. 0., 0., 0., 0., 0., 0.,

0., 0., 0., 0.. 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0
-I •~~ 0., 0., 0., 0., 0., 0., 0., 0., 0.,

0.,
NMIX 4 ,
PHI : 0.,
X KT 0.,
IPRT : 0,
SEND

IS M I XTURE
24 = 2.9E+01 , 0., 0., 0., 0., 0., 0., 0., 0., 0.,

1.0 , 0., 0., 0., 0., 0., 0., 0., 0., 0.,
AT : 6 . 354 E+0 1 , 0. ,  0. ,  0., 0., 0., 0., 0., 0., 0.,
DENS I TY = 8.9 ,
IZDM = 29,
SEND

ISMIXTtJ RE
ZA 1.0 , 6.0 , 7.0 , 8.0 , 0., 0., 0., 0., 0., 0.,
UT : 9. 4 1 E—03 , 5 .60 9 1 E—0 1 , 1.30 82E —01 , 2 . 9886E — 0 1 , 0., 0., 0., 0.,

+ 0., 0. ,
AT = 1.0 , 1.2E+0 1 , 1.4 E+0 1 , I.6 E+01 , 0., 0., 0., 0., 0., 0.,
DENSITY = 1.42 ,
IZD M 905 ,
SEND

ISMIXTU RE
ZA = 5.OE+01 , 0., 0., 0., 0., 0., 0., 0., 0., 0.,
UT : 1.0 , 0., 0., 0., 0., 0., 0., 0., 0., 0.,
AT : 1.187E+02 , 0., 0., 0., 0., 0., 0., 0., 0., 0.,
DENSITY : 7.2 ,
12DM = 50 ,
SEND

IIPIIXTURE
ZA = 4.?E+0I , 0., 0., 0., 0., 0., 0., 0., 0., 0.,

1.0, 0., 0., 0., 0., 0., 0., 0., 0.,  0.,
AT 1.079E +02, 0., 0., 0., 0., 0., 0., 0., 0., 0.,
DENSITY I.05E +01 ,
12DM : 47~
BEND

Figure 3.5 (a) Input file, TAPE5 , f or MCCABE crea ted by MCHELP for a 3—wire
multi—conductor cable.
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h A lT Pt N
$PLA$E = 0,
I 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0

4 ., 0., 0., 0., 0.,
TP LA NL B = 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 , 0, 0 ,
SEND

1SCO ND U C I
RA DC 1.8E—O1 , 5.OE—02 , 5.OE—02, 5.OE—02 , 0., 0., 0., 0., 0., 0., 0

4 ., 0., 0., 0., 0., 0., 0., 0.,  0., 0.,
0.,

RADII = 1.50001E—Q1 , 6. 95E —0 2 , 6 .95E— 02 , 6 .95E—0 2 , 0., 0., 0., 0., 0.
0., 0., 0., 0., 0., 0., 0., 0., 0.,

0., 0., 0.,
RD = 0., 8.03E—02, 8.03E—02 , 8.03E—02 , 0., 0., 0.,  0., 0., 0., 0.,

+ 0., 0., 0., 0., 0., 0., 0., 0., 0.,
0.,

THET = 0., 6.OE +Ol , l.8E+02, 3.OE +02, 0., 0.., 0., 0., 0., 0., 0., 0.
4 , 0., 0., 0., 0., 0., 0., 0., 0., 0.,

GAP = 5. O E— 0 3 , I.OE — 0 8 , 1.OE— 08 , 1.O E— 08 , 0., 0., 0., 0., 0., 0., 0
-# ., 0., 0., 0., 0., 0., 0., 0., 0., 0.,

0.,
NCON = 4 ,
TS HIELD = 3.3E-02 ,
M ATL B LC = 1 , I, 1 , 1 , 0, 0 , 0, 0 , 0, 0 , 0, 0, 0, 0 , 0, 0, 0 , 0, 0 , 0, 0

4 ,
M A T L B L D  = 2 , 2, 2 , 2 , 0, 0 , 0, 0 , 0, 0 , 0, 0 , 0, 0 , 0, 0, 0, 0 , 0, 0, 0

-4 ,
NY =10 ,
MATBA K = C ,
MATL BLF :3 ,4 ,4,4 ,
DFLASH=4s2.E—4 ,
IPRI = 0,
SEND

Figure 3.5 (b) Input file, TAPE3 , for MCCABE created by MCHELP for a 3—wire
multi—conductor cable.

1~ NAME1 
5.OE-02, 5.O E-02 , 5.OE-02 , 0., 0., 0., 0., 0., 0., 0., 0., 0.

-I 0., 0., 0., 0., 0., 0., 0., 0.,

RH : ~~~ 8.03E-02, 8.03E-02, 0., 0., 0., 0., 0., 0., 0., 0.,

-, 0., 0., 0., 0., 0., 0., 0., 0., 0.,
NMA X 3,
$MAX :4 ,
PER 3.5 ,

~~SLN 
6.OE+01 , 1.8E402 , 3.OE+02 , 0., 0., 0., 0., 0., 0., 0., 0., 0.

+ , 0., 0., 0., 0., 0., 0., 0., 0.,
IPRT = 0 ,
SEND

Figure 3.5 (c) Input file, TAPE 15 , for MCCABE crea ted by MCHELP for a 3—wire
multiconductor cable.
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1 CIRCLES 8/3/??

MINIMUM DIAGONAL 1.24996E-01

CAPACITANCE MAT R IX ( F/C M )
1 1 1 .33434E—12
I 2 5.80652E- 13
1 3 5.80652E--13
2 I 5 .80 652E —7 3
2 2 1.33434E—12
2 3 5.80652E—13
3 1 5.80652E—13
3 2 5.80652E—13
3 3 1.33434E-12

1 EIRIVPAK 8/3/77

GEOMETRY VARIABLES TRANSFERRED FROM ATT NPA K
NCON= 4
RA DC = 1.8 0 E—0 1 5 .00E -02 5.OO E -02 5 .OO E—02
GA P: 5 .OO E— 0 3 I .OO E—08 1.O OE—08 1.OO E—08
8400: 1 .50E-OI 6.95E—02 6.95E—02 6.95E—02
80= 0. 8.03E—02 8.03E—02 8.03E—02
THET= 0. 6.OOE +01 1.80E+02 3.OOE+02
MATL BLC= ¶ 1 1 ¶
MATLBLD : 2 2 2 2
MATLBLF= 3 4 4 4
DFLASH = 2 .OO E-04 2 .00 E-04 2 .OOE — 04 2. OOE-0 4

PHOTON E N E R G I E S
NE: I
EPHOT= 5.OOE +0I

TOTAL EMITTED CURRENT FROM SHIELD AND E ACH CONDUCTOR
ISURF: 6.34E—08 1.38E—08 2.20E—08 1 .38E-08

TOTAL INDUCED CURRENT ON EACH CONDUCTOR DUE TO DEPOSITED CHARGE
IAREA : — 1 .73E — 08 —2 . 99E—08 —1 .7 3 E— 08

NORTON DRIVER TO EACH CONDUCTDR(SHORT CIRCUIT CURRENT ) (A/CM )
ISC = —3. 4 4 E— 0 9 — 7 .89E — 09 — 3. 44 E—0 9

Figure 3.6 MCCABE output for the three—wire problem defined in Figure 3.5.
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APPENDIX A
REVIEW OF POTENTIAL THEORY

Consider a set of N+1 parallel conductors, the first of which is grounded , separated
by a various homogeneous dielectrics. A volume charge density p(~ ) is deposited in the

dielectric at the points ~~~. The potential q, the solution of Poisson ’s equation , and the

Green function G satisfy the following: 4’ , C , K-~ i— and K~~ ~~
— are continuous , G~ O on the

conductor boundaries, and

~~— v 2G = _ ~~~~~~~~~~
) ( A l )4’ ~~K-’~ ‘ t K-’- ‘ •

o r o r

where r K~ is the dielectric constant at the point r . From Green ’s theorem ,o r 

fd
2r (4’v

2K~~ - K~CV 2
4’) = fds 

(~~F 
K~Q - K~G (A. 2)

we obtain a representation for 4 ’,

4. ÷
N+1 aG(r .r)

4’ (~ ) =fd~ rp (~~ )G(~~~ )—c 
1~i 

V . f ~5 . I(~- 
~n . 

(A.3)

th -
~where V~ is the potential of the j conductor. The normal n . at the surface whose in-

cremental line element is ds~~ is directed out of the dielectric volume. A second ap-

plication of Green’s theorem (with G replacing 4’ in Eq. (A.2)) establishes a symmetry of

C,

++ -*4 .

G(rr ) = G(r r). (A.4)

The induced charge on conductor i is

Q = c  [ds K-* ~~~~i of  i r . 3n
1 i

= c JdsjK-* j~d
2r 5 P (~~ ) .

~~~

— (
~~~~)

. 
~~~~ —----- - -- —-.. -_ - - - - -
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- 

~~~ 

V~ fds~ ~~
j- K~ fds~ 

~~f 
~~~~~~~~~~ . (A.5)

We proceed to simplify the interpretation of Eq. (A.5). First we define the capacitance

ma trix

k . .  = - r~ fds. ~~~ K Jds. K~ ~~~ G(~~~ .). (A.6)

Ne xt , considered Eq. (A.3) with p = 0 , and with all conductors grounded except con-
duc to r i which has unit potential. The potential at the point 

~~~~~, which we now call
satisfies

= — .L_ fds K+ •

~~

— G(i~~.i~~~). (A .7 )

This can be inserted into Eq.(A.5) and we have

= _fd
2r p ~~~~~ i(~~

) + ~~ k.. V~ . (A.8)

The first term represents the induced charge, the second the capacitive charge , for the

elemental length of cable.
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APPENDIX B:

EXPLICIT EXPRESSIONS INVOLVED IN LAPLACE SOLUTION

The vectors r r, 4’ and P~ O
1 
have the shield center as origin ; is an arbi-

trary point at which the potential is evaluated , 
~~ 

is the location of the ith conductor ’s

center with respect to the origin. Define

2 2
____  

2
S 2 + a — 2 rP i cos

a
£ 0

T = r2 + ~~2 — 2rP i cos

rsin4’ — p. sine
1U = arctan

rcos4 ’ — p .  cos8~

Then

in SIT , n=O

~ f~~\
fl 

1c0s (nIJ ) 
—

n~~ffJ Lsin (nU)
V
1

(r) =

- 2 (r
) Tf l  

(

~~~
)f l  

~~~~~~~~~~~~~~~~~~~~~~~~ n ~ 0

Replacing ~ -* and S, T and U above, we have f or

where n=O , n~~ O

2 2
a — p

A
im j~n 

= ~~~~ ln a a + (1 — 6 ii~~ lui o  T

where n>O , n’=0,

_ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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.
~ / ~ n 

n I—cos ([n —ii ] ~ —n B

- 
~~ ~ (~~i\ (~

i~i~\ 
~ /~~• \  1 

i i i

Aini
_
n~ ~ ~

1
~~~~ 1\m j  ~~a

2) 
~~~~ T ) ~sin ([n1

—n] O
~ 

— n .8~ ..)

a 
n [cos (nU)1

+ ~ 
— 5

ii~~ 
(
~
) ~sin (nU)] 

~

and where n >O ,

— 6
ii~~~~ 

+ on0) 
(_n’\(~~~\ (~~~~\ I

cos ([n~~~] U), 
sin ([n~~~] U)1

Aini~n~ 
= 2n n / \6) \f f  ) ~~in ([n+n ] U ) ,  —cos ([n+n ] u)j

+ 
f ~~~ 

ô~~~ ~ [o : °] 4 i +  (;) n~~~ :~~~(~ ~
[cos (fm—n ’] B . — [rn—n] 

~~~ 
—sin ([rn—n’] e~

_ — [rn—n]

X I

~sin ([m—n
’J 0... — [rn—n] e~)~ 

cos ([ rn— n a] e~_ — [rn—n] e~)

The coefficient °~ is def ined as

(
~
)= ~

ct (c t— l ) ( ct— 2 ) . . . ( c z — [ n — l] ) _ n>O
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